abstract OBJECTIVES: To establish the incidence, mortality rate, and fracture location of pediatric patients injured while using an all-terrain vehicle (ATV) over an 11-year period.
WhAT'S KNOWN ON ThIS SUbjECT: All-terrain vehicle (ATV)-related crashes are a source of morbidity and mortality in children despite established guidelines by industry and medical organizations regarding their use. Estimates of the incidence of ATV-related injuries in children have shown a recent decrease.
WhAT ThIS STUDy ADDS:
A statewide database of pediatric patients admitted to trauma centers because of ATV crashes confirmed the recent decrease in the incidence, whereas mortality remained relatively constant. However, the incidence change was small and not clinically or statistically significant.
by guest on August 2, 2017 Downloaded from All-terrain vehicle (ATV)-related crashes among children are not a novelty. Since the development of ATVs more than 4 decades ago, they have been a source of pediatric injuries and death. 1 -6 Recognition of their injury potential prompted the establishment of guidelines regarding their use by government, industry, and medical organizations. In an effort to mitigate the incidence of ATV injuries in children, the American Academy of Pediatrics (AAP) established guidelines in 1987 regarding their use by children. 7 Because of a sharp increase in the number of injuries during the 1980s, a 10-year consent decree was enacted in 1988 to stop future sales and production of the 3-wheel ATVs in the United States, to restrict sales of adult-size ATVs to children 16 years and older, and to make available a rider safety training. 1, [7] [8] [9] In their most recent policy statement in 2000, the AAP recommended that the use of ATVs be restricted to those >16 years of age, be restricted to off-road use only, and to disallow passengers. 7 States have also taken some of the ATV regulation burden. However, results have been mixed regarding the effects of state laws in the reduction of child mortality rates. 2, 10 -13 Still, from 1982 to 2015, the Consumer Product Safety Commission (CPSC) has estimated that 3613 (or 22%) of decedents because of ATV crashes were children <16 years of age. 14 Multiple studies have been conducted by researchers who used the CPSC National Electronic Injury Surveillance System and the Healthcare Cost and Utilization Project to determine the incidence of ATV-related injuries in children and adolescents. 3, 15 -19 These studies are useful in demonstrating national trends but may be limited by their respective researchers' use of estimates from a sample population to make generalized conclusions. The trend observed by researchers in some studies is an increase in the incidence of children injured while using an ATV in the early 2000s, whereas researchers in more recent studies have concluded that there has been a decrease in the incidence of injuries at the end of that decade. 15, 16, [18] [19] [20] Researchers in other studies have evaluated the incidence of ATV-related injuries by using single-institution trauma databases, with mixed results. 5, 20 -22 Orthopedic injuries in children are reported to be common in ATV crashes and have been studied with different methodologies. 4 -6, 17-19, 21 -24 To our knowledge, no authors of recent studies have used a sample of patients admitted to multiple trauma centers within a state to establish the incidence, mortality trend, and anatomic distribution of fractures because of ATV usage in children and adolescents. More detailed fracture information will help practitioners prepare for and treat these injuries. We conducted a retrospective study by using our state trauma database to establish these parameters.
METhODS
This study was an institutional review board-exempt retrospective study using a statewide trauma database. We queried the Pennsylvania Trauma Systems Foundation (PTSF) and obtained data from 32 trauma centers within the state of Pennsylvania. The PTSF is the organization in charge of accrediting trauma centers within the state. Trauma centers are required to submit trauma information and maintain a trained registrar. The data are audited through an interrater reliability process.
The study period spanned from January 1, 2004, to December 31, 2014 . Patients ages 0 to 17 years were included. Stratification was performed by age groups 0 to 5, 6 to 11, 12 to 15, and 16 to 17 years old. The stratification follows the CPSC data analysis, the AAP guidelines regarding the use of ATVs, and other ATV studies of children and adolescents. 7, 14, 15, 25 E-codes and trauma narratives were used to assess ATV-related traumatic injuries within the PTSF database. E-codes 821, 821.1 to 821.4, and 821.8 to 821.9 were included and reviewed for accuracy. We then searched the database for the terms "ATV, " "all-terrain vehicle, " "quad, " "four wheeler, " and "three wheeler" as well as variants of these terms. The database provides information regarding location of the crash, such as a street or roadway.
We reviewed the initial sample for coding errors and non-ATVrelated injuries by using the trauma narrative. Pedestrians and bystanders who were injured by an ATV were excluded. Dirt bikes and minibikes were also excluded from the study. A passenger of an ATV was labeled as such by codes and by evaluation of crash narratives. We also included in this group patients who were described as being pulled by an ATV on a trailer, sled, or snow tube. The database only assesses the index admission. However, to avoid duplication of injured patients because of transfers between trauma centers, we reviewed transfer codes within the database and compared dates of birth with injury dates. Terminal admissions were included in the analysis when these parameters were met. The discharge status was used to assess those who died during the admission. International Classification of Diseases, Ninth Revision codes were used to identify anatomic locations of fractures. Only fractures at or below the cervical spine were considered, and thus, facial and head fractures were excluded from the analysis. US census intercensal estimates were used to estimate the rate of incidence and mortality per 100 000 children in the population <18 years of age within the state of Pennsylvania. 26, 27 Data collection was performed by using Microsoft Excel 2010. Statistical analysis was performed by using Minitab version 17.3 (Minitab Inc, State College, PA). For continuous variables, skewedness, kurtosis, and Kolmogorov-Smirnov normality tests were performed. For normally distributed data, a 2-sample t test was used. For data that were not normally distributed, a Kruskal-Wallis test with Bonferonni correction for multiple comparisons between medians was performed at an α level of .05. For binary variables with a large sample, a χ 2 test was performed. A logistic regression was used to assess the odds ratio and 95% confidence intervals. All P values were deemed statistically significant at <.05.
RESULTS
A total of 1912 patients met the inclusion criteria of our study. The median number of patients per year was 170 (range: 126-220 patients) (Fig 1) . Sixty-seven percent of the crashes happened between May and September. The estimated mean annual incidence from 2004 to 2014 was 6.2 cases per 100 000 children (Fig 1) . There was a 13.4% decrease in the mean incidence when comparing the first 5 years of the study with the last 6 years (6.7 per 100 000 children to 5.8 per 100 000 children, respectively, P = .08). The mean mortality incidence from 2004 to 2014 was 0.09 deaths per 100 000 children (Fig 1) . The median age of patients was 14 years (range: 1-17 years). Boys accounted for 74.5% of the patients. Being a passenger or being pulled accounted for 23.6% of the injured patients within the cohort (Table 1) . A street or roadway was identified as the location of the crash in 15.4% of the cases. A helmet was reported to have been used by 48.7% of the patients (Table 1) . A trauma alert or a trauma consult was activated in 87% of the cases. In 58% of the crashes in which a trauma was activated, the level of the trauma activation was available. Of those, level 1 and level 2 traumas accounted for 12% and 57% of the cases, respectively.
The median hospital length of stay (LOS) of all patients was 3 days (range: 0-58 days). When comparing the LOS differences between age groups, those aged 16 to 17 years (median of 3, range of 0-39 days) and 12 to 15 years (median of 3, range of 0-58 days) had a longer LOS than those who were 0 to 5 years of age (median of 2, range of 0-34 days), a difference of 1 day and P < .001. There were 548 patients who were admitted to the ICU (28.7%) ( Table 1 ). The median ICU LOS of those who were admitted to the ICU was 2 days (range: 1-54 days). The by guest on August 2, 2017 Downloaded from median injury severity score for all patients was 9 (range: 1-59). Age group comparison showed increased injury severity scores in those aged 16 to 17 years (median of 5, range of 1-59) and those aged 12 to 15 years (median of 5, range of 1-50) when compared with children aged 0 to 5 years (median of 4, range of 1-45), a difference of 1 and P < .001.
Although the cause of death was not specified within the data set, 28 patients (1.5%) died during the initial admission after an ATV crash (Table  1) . Of the deceased children, 28.6% were reported to have been wearing a helmet. The majority of children who died (57.1%) were 12 to 15 years old. Of the decedents, 7 were passengers and 9 were injured while the ATV was being used on a street or roadway. Neither sex nor age group was associated with mortality (P = .17 and .12, respectively). Similarly, being a passenger or being pulled was not associated with mortality (P = .87). Helmet use was associated with a reduction in the number of deaths, whereas riding on a street or roadway was associated with more deaths (P = .031 and .026, respectively).
The majority of the patients sustained at least 1 bone fracture below the level of the cervical spine (55.4%) ( Table 2 ). The rate of fracture was higher on the femur and tibia, with 21.6% and 17.7% of the total fractures, respectively. Open fractures were sustained by 15.5% of the patients with fractures. Long bones of the extremities, as well as the bones of the wrist, hand, and foot, were fractured more often (68.8%) than those of the axial skeleton, clavicle or scapula, and pelvis or sacrum combined (31.2%) ( Table  2 ). Children aged 16 to 17 and 12 to 15 years were more likely than those aged 0 to 5 years to sustain a fracture (odds ratio of 1.94 and 1.98, respectively; P < .001) ( Table 3) .
DISCUSSION
During the 11-year study period, the median number of patients who were admitted to a trauma center within our state because of ATV-related injuries was 170 patients per year. We observed a 13.4% decrease in the incidence of patients admitted when comparing the first 5 years of the study with the last 6 years, and it was not statistically or clinically significant. We did not evaluate and therefore cannot state reasons for 4 They found an upward trend in the incidence of patients admitted because of ATV-related crashes that peaked in 2006, and they attributed the trend to the expiration of the ATV consent decree in 1998. Interestingly, they noted that the Northeast region of the United States saw a stagnant incidence rate that ranged from 3.9 to 3.7 per 100 000 patients from 2000 to 2006. 16 In a retrospective study, Shults et al 18 in 2013 used the CPSC National Electronic Injury Surveillance System-All Injury Program to estimate the annual injury incidence because of ATVs in children 15 years of age and younger from 2001 to 2010. They also noted an increased rate of injuries that peaked in 2004 and then decreased 37% during the last 6 years of their study period. They speculated that, perhaps, the reduction in incidence was attributed to a declining economy in which discretionary spending by consumers was reduced, and thus, ATV ridership and new purchases for the younger age groups may have been reduced. 18 Williams et al 28 evaluated on-road ATV deaths for all ages by using the Fatality Analysis Reporting System and noted a decline in mortality of 19% between 2008 and 2011. They correlated their findings with a decline in motor vehicle crash deaths and also speculated that a decline in the US economy in early 2008 may have been responsible. 28 It is important to note that, historically, motor vehicle crash mortality declines were also seen during the economic recession in the early 1980s and 1990s. 29 However, we are unaware of studies in which researchers evaluated ATV injury incidence in children during those periods to ascertain the influence of the economy.
There were 28 (1.5%) fatalities during our study period. The median mortality rate was 0.07 per 100 000 children between 2004 and 2014 and remained relatively steady throughout the 11-year period. In 2005, Killingsworth et al, 3 by using unweighted data from the Kids' Inpatient Database, estimated that the mortality rate within their sample in 1997 and 2000 for children <18 years and whose deaths were attributed to ATV crashes was 0.9%. We found that those aged 12 to 15 years had the largest proportion of deaths within our study. The findings are similar to those by Denning et al, 15 who in 2014 conducted a retrospective study using data from the CPSC and also found that those aged 12 to 15 years had the largest proportion of deaths among children resulting from ATV crashes.
The causes of death as a result of ATV use in children have been retrospectively studied, and it has been concluded that being a passenger or using an ATV on paved roads, especially among adolescents, increases the mortality rate. 10, 11, 15, 25 We found that despite the dangers of carrying a passenger and riding on the roads, 23.6% of the children in our cohort were either passengers or were being pulled at the time of injury, whereas another 15.4% were injured while the ATV was being used on a street or roadway, both of which showed a significant association with mortality. Orthopedic injuries are among the most prevalent types of injuries from ATV-related crashes in children.
We found that 55% of our cohort sustained a fracture at or below the cervical spine. This finding is similar to many previous studies in which researchers evaluated fractures related to ATV use. 4 -6, 21, 22 Most recently, in 2016, Shannon et al 21 conducted a 19-year, singleinstitution retrospective study in which they compared ATV-, dirt bike-, and snowmobile-related fracture rates with anatomic location. They found lower-extremity bones were commonly fractured (31%) in ATV-related crashes in children. We found that 21.6% of the patients who sustained a fracture sustained it at the femur, whereas 17.7% sustained fractures either at the tibia or fibula. Our findings are similar to those by Shah et al, 24 who evaluated >500 patients' radiographs for injuries sustained while an ATV was in use and also concluded that the femur and tibia were the most commonly fractured bones. 
CONCLUSIONS
Although we observed a decrease in the incidence of injuries during the last 6 years of our study period, the difference was <1 patient per 100 000 children in the population <18 years of age, which was not clinically or statistically significant. We advise primary care providers to be the forefront of the prevention effort and to continue to provide families with safety information and recommendations of age restrictions for ATV use by children.
